This study was conducted to understand the effect of the livestock liquid fertilizer treatment at field-scale up to catchment-scale on the water quality properties. Cultivated paddy rice and upland plots located in Gyeonggi province, Korea were treated with two different liquid fertilizers, SP (Liquid fertilizer with storage process) and SCB (Liquid fertilizer with slurry composting and bio-filtration process). Plots with no fertilizer (control A) and chemical fertilizer (control B) were also prepared for comparison. Water quantity and quality were monitored at the catchment outlet for assessing the effect on water quality of stream water. As a result, the losses of N and P and the values of EC (Electronic Conductivity) in the surface drainage water from paddy rice plots treated with SP and SCB were higher than those from the control plots (A and B). In addition, the losses of N and P by the runoff water from upland plots with SP and SCB treatment were higher than those from control plots (A and B). The nutrient outflow from paddy rice fields and uplands with application of liquid pig manure was higher than those from the control plots (A and B) . Particularly, the outflow from uplands may directly affect the water quality in neighboring streams. This caused the major eutrophication problem in stream water. In conclusion, it is necessary to establish the proper management practices to prevent the nutrient losses from agricultural fields and the pollutants against water environments.
Introduction
Traditionally, livestock manure-based composts and liquid fertilizers have been used for agricultural purposes, since they contain a wide range of nutrients and ameliorate soil properties. In 2009, 43.7 million tons of livestock manures were generated in Korea and 85.6% of the manures were used for composts and liquid fertilizer productions [1] . This has resulted in intensive farming practices where large numbers of animals are raised in relatively small areas. This farming condition produces large amount of wastes (e.g. farmyard manure, slurry, dirty water, silage effluents and poultry litter) and local disposals of the wastes become more difficult by the limited area for the disposals.
Liquid livestock manure is a valuable source of nutrients and organic matter for crop production and can be applied with a variety of methods including spray irrigation, land surface spreading and shallow subsurface injection. Because of relatively low nutrient concentration, liquid livestock manure need to be applied in large volumes. But the recommended application rate is not to exceed the soil infiltration rate, nor to exceed the amount of field water holding capacity [2, 3] . Previous study reported that even if recommended guidelines are followed, liquid manure from agricultural drains can be discharged out through the farmland via macropore flow within soil [4] .
Application of liquid livestock manures to soils with surface or subsurface drainage has been linked to contamination of the effluent with nutrients [5, 6] , particulate organic matters [7, 8] , estrogens [9] , bacteria [10] [11] [12] and antibiotics [13] .
Based on previous studies, there has been no proof that liquid livestock manures can negatively affect water quality. For instance, Randall et al. [14] noted that there was no difference in nitrogen, phosphorus, or fecal indicator bacteria losses in drainage effluent between plots with liquid dairy manure and plots with mineral fertilizer.
The fact that nutrients from liquid livestock manure can be safely recycled in soil, but they can be also dis-charged into surface or subsurface drainage water. This suggests that there should be a complex system to manage the discharge of liquid livestock manure into soil. Many factors play a role in determining the manure management; soil texture, available water holding capacity, tillage history, the type and quantity of manure applied, application method and timeliness of rainfall after application.
As the areas of livestock manure application increase over time in Korea, interests of livestock manure application have increased for sustainable agriculture. The manure applications to agricultural lands have the merit of nutrient supply for crops, but they also have a demerit of polluting agricultural environments such as deteriorating water quality near the agricultural areas. In spite of ever-increasing usage of livestock manure to the agricultural areas, its environmental impact on neighboring streams has not been well known. Therefore, this study was conducted to understand the effects of the livestock liquid fertilizer treatment on water quality at field-scale and catchment-scale, when the fertilizers were applied to paddy fields and upland fields.
Materials and Methods

Study Area Description
This study was conducted in a small agricultural catchment (132 ha) which is located in Yoeju, Gyeonggi province of Korea (37˚16'32.22"N, 127˚35'21.32"E) ( Figure  1) . The catchment consists of 17% paddy rice field and 20.5% upland. The experimental plots in paddy rice field and cultivated upland were located in the catchment. Soils in a paddy rice field and upland were all sandy loam, and soil pH were 5.8 and 6.4, respectively ( Table  1 ). In addition, the organic matter contents were 19.6 and 26.4 g·kg −1 for a paddy rice field and upland, respectively. The available phosphate content from upland was 967 mg·kg −1 which was much higher than onesfrom paddy rice field soil.
Two different pig manure-based liquid fertilizers were applied in this study, which were bio-filtration process (SCB) and storage process (SP) ( Table 2 ). Nitrogen contents in SCB and SP liquid fertilizers were 0.26 and 0.40%, respectively. The content of potassium in SCB liquid fertilizers was especially greater than the other. It was caused by the content of the soluble potassium in the liquid type fertilizers. The content of the soluble potassium in urine was greater than ones in feces. Therefore, it was easily drained to the outside of filtering system without being filtered out during the process of SCB.
They were applied to the total of 16 plots (4 for paddy rice field and 12 for upland) in the studied catchment, and the size of each plot was 20 × 36 m for a paddy rice field and 2.7 × 10 m for upland. The amount of N requirement was pre-calculated for the crop cultivation. For comparison, the experimental plots also included no fertilization plots (control A) and chemical fertilization plots (control B). Paddy rice (Oryza sativa L.) was transplanted into each experimental plot at the space 15 × 30 cm and grown for five months. Corn seeds (Zea mays L.) were sowed in each experimental plot at the space of 20 × 60 cm and grown for three months.
In order to assess the effect of livestock manure appli- Table 1 . Chemical properties from paddy rice field and upland before the experiment. Table 2 . Chemical properties and heavy metals from liquid fertilizers that were applied to paddy rice field and upland. cation on land at catchment-scale, water quantity and quality were monitored at the catchment outlet. A set of equipments was installed to measure water level and velocity (Starflow, Ultrasonic Dopper Instrument, Unidata Co., Australia) at the monitoring site. Water quality was monitored in stream nearby the investigated paddy rice field and cultivated upland during the cultivation period from May to October in 2009.
Sample Collection and Analyses
Water samples were collected from paddy rice field and upland as well as stream water to monitor the changes of water quality properties during the cultivation period. All samples were refrigerated at 0 to 4˚C soon after collected and stored in the refrigerator until the analyses. Water samples were transported to the laboratory in RDA (Rural Development Administration, Suwon, Korea) and were shaken to obtain homogeneous aliquots for the analyses. Electrical conductivity (EC) was measured in the field with portable meters (Model 145A, Orion Co., USA). The samples from the drainage water/runoff and stream water were analyzed for suspended solids (SS) and chemical oxygen demands (COD), nitrogen and phosphorous concentrations. SS and COD were analyzed by the Standard Methods [15] and by the dichromate reflux method [16] . The NO 3 -N and NH 4 -N were analyzed using ion chromatography (DX-100, Ion Chromatograph, Dionex Co., USA) and using the indophenols-blue method [17] through 0.45 m nylon membrane filter, respectively. Total N (T-N) was analyzed by the standard methods according to the Federal Water Pollutant Clean Act (FWPCA) manual [18] and total P (T-P) was measured by the isobutanol extraction method described by Golterman and Glymo [19] .
Results and Discussion
Nutrient Loss in Surface Runoff at Paddy Rice Field and Upland
The combined use of livestock manure and mineral fertilizer results in considerable nutrient enrichment in soil surface [2] and overland flow from such areas during or after a rainfall event. The flow contains relatively high levels of nutrients (e.g. N, P, K), organic matter and suspended particles [20, 21] . Table 3 shows the observed concentrations of N and P in surface drainage waters from paddy rice field during the cultivation period. The SS concentration in water samples were ranged from 0.01 to 0.07 mg·L −1 for all treatments. The concentrations of T-N and T-P in drainage waters were 1.85 -3.45 and 0.18 -0.44 mg·L −1 , respectively. The concentrations of N and P and the EC values from SP and SCB treated plots were much higher than the ones from control A (no fertilization) and control B (chemical fertilization) ( Table 3) . Therefore, there is a need to manage drainage water from SP and SCB treated areas.
Manure is generally composed of NH 4 -N and organic-N. Thses components are often mixed with equal ratios. NH 4 -N is more flavorable to plants than organic-N, because NH 4 -N is readily available to plant. In the meantime, organic-N needs to be mineralized to become available for plants. NH 4 -N originated from manure was found to be biologically oxidised into NO 3 -N before it was converted into organic-N. This causes N losses in Manure [22] . Therefore, the effect of nitrate loss by manure application needs to be largely determined by plant uptake and the factors that control the processess of N mineralisation and nitrification. Phosphorus transport in surface runoff occurs both in soluble and particulate forms. Phosphorus is generally transported in particulate form [8, 23] . The transport is influenced by several factors, including land use, management practices, soil type, time and rate of fertilizer and manure application. Table 4 shows the observed concentrations of N and P in runoff waters from upland during the cultivation period. The SS concentrations in water samples were ranged from 1.0 to 1.7 mg·L −1 for all treatments. The T-N and T-P concentrations in runoff water samples were 6.07 -8.45 and 1.39 -3.02 mg·L −1 during the rainfall events. Losses of N and P by the runoff waters from SP and SCB treated plots were higher than the ones from the control plots (A and B) . Particularly, the loss of nitrate-nitrogen was greater than the loss of ammonium-nitrogen, and this can be explained by the nitrification process in manure as Table 3 . Water quality properties in the drainage waters from paddy rice fields. Data are expressed as mean ± SD (n = 7). described above.
Similar to N loss in Manure, several factors affect phosphorous loss by surface runoff; land use and management practices, soil type, time and rate of fertilizer and manure application. Consequently, nutrient leach from agricultural land flows into surface water and this causes acceleration of eutrophication in the surface water. In the end, the influx of excess nutrients contributes to the degradation of surface waters [20, 23] . This nutrient leach from agricultural land can be an important factor to not only soil or water, but to the whole environments.
Nutrient Loss in Surface Water through
Agricultural Land Figure 2 shows the changes of nutrient concentrations in stream water near the experimental sites of a paddy rice field and upland during the cultivation period. A lot of nutrient inputs for crop cultivation were applied to agricultural lands, particularly from May to June (the cultivation period). These nutrient inputs caused higher concentration of nutrients to the drainage waters during the cultivation period. Therefore, the concentrations of COD, T-N and T-P during the early cultivation period, May and June, were higher than the ones in July through August when it was the rainy season. Rainfall events characteristically govern the nutrient of streams draining from livestock areas. Generally, when there is no rainfall, the level of nutrients including BOD remains within normal range in surface waters unless farm effluents are discharged directly into streams. This effluent may have even greater nutrient concentration if there has been no rainfall event [24] . In addition, the impact intensity of land use on water quality was as great as the amount of surplus nutrient in cropland from the respective drainage watershed [3] . Therefore, a proper management of cropland is very important in protecting the quality of stream/river water, e.g. managing paddy rice field and upland proportions in drainage watersheds and of surplus nutrient. Table 5 shows the monthly distribution of discharge water and nutrient loads into stream water during the cultivation period. The total amount of precipitation in 2009 was 1163 mm and the monthly precipitation was constantly high in July and August. The highest monthly precipitation was occurred in July, 2009 and the amount of precipitation was almost 55.5% of the annual precipitation in Korea. Discharge water, chemical and nutrient loads were recorded the highest in July, the highest precipitation month. It shows that precipitation is the most significant factor on water, chemical and nutrient loads which influence the water quality in streams. Generally, small scale sites have a clear positive rela-tionship between the loads of leached nutrient and rainfall [25] . Previous study reported that the changes in the nutrient concentrations of the drainage water over rainfall events indicated the transport of the particulate materials and of the nutrients such as nitrogen and phosphorus were mainly influenced by direct runoff and base flow, respectively [6] . Therefore, it is important that the loss of nutrients in surface runoff should be minimized for the sustainable agriculture and water quality. This can be done by adapting the best management practices considering the climate and crop cultivation condition. Because of this, riparian croplands have been major targets to manage nutrient losses in surface runoff. Since the dissolved nitrogen ratio was found to be high in base flow, managing spring water can be a solution to effectively reduce dissolved nitrogen [6] . Therefore, in case of upland cultivation, buffer strips and wetlands are effective managements to reduce both particulate and dissolved materials in runoff. In case of rice cultivation in paddy fields, it is important to manage irrigation and drainage waters at the early cultivation period in paddy rice fields to increase nutrient use efficiency and prevent nutrient losses.
Conclusions
Livestock manures and chemical fertilizers are essential for crop production, but sometimes their excessive uses cause water pollution.
Losses of N and P in the drainage and runoff water samples from paddy rice field and upland treated with SP and SCB were higher than the ones from paddy rice field and upland treated with no fertilizer and chemical fertilizer. Especially, the outflow from agricultural field could directly affect the water quality of stream. The nutrient concentrations in stream water near the experimental sites, a paddy rice field and upland in May and June (dry and early cultivation period) were higher than the ones in July and August (rainy season). This was explained by a lot of nutrient inputs which were applied to the agricultural land for crop cultivation. However, nutrient discharges were changed dramatically during rainy season, and it also caused the eutrophication problem in stream. Overall, it is important to establish the proper management practices to prevent the loss of nutrient from agricultural fields and pollutants against water qualities.
Improved management is a key issue in greatly reducing the potential of liquid manure reaching to surface water. While climate and some environmental conditions cannot be controlled, farmers can manage and control leach of nutrients by proper applications of liquid manure and proper water management. In order to encourage the utilization of liquid fertilizer and ensure protection of the water quality, practices are recommended that control a drainage water gate in paddy rice field at the early cultivation period. In addition, it is recommended that liquid manure should be applied in a way to minimize impact to water resources in upland.
